Residue Conservation at Protein-Protein Interfaces

William SJ Valdar and Janet M Thornton a* a,b

Biomolecular Structure and Modelling Unit, Department of Biochemistry and Molecular Biology, a

University College London, London WC1E 6BT, England, and Crystallography Department, Birkbeck b

College, Malet Street, London WC1E 7HX, England

Correspondence e-mail: valdar@biochem.ucl.ac.uk

Protein-protein interactions are ubiquitous in biology and are among the most complex of

all molecular interactions. They are typically specific and involve the complementary

recognition of macromolecules to form stable assemblies. A combination of experimental

and theoretical approaches has provided insights into the nature of protein-protein

interfaces. Physical, chemical, geometric and thermodynamic criteria have been used to

characterise the interfaces and compare their constituent residues with others at the

molecular surface (Janin and Chothia, 1990; Jones and Thornton, 1996; Lijnzaad et al.,

1996; Bogan and Thorn, 1998). Recently, interfaces have been studied from an

evolutionary perspective and one group has explored the occurrence of correlated

mutations between interface residues (Lichtarge et al., 1996; Pazos et al., 1997).

The work presented here assesses some evolutionary properties of protein-protein

interfaces and complements existing physical and chemical analyses in this area. Residues

on the surface of a protein do not usually make a significant contribution to structural

integrity and so tend not to be conserved through evolution; residues that do play

important functional or structural roles resist evolutionary change significantly more than

those that do not. If residues at interfaces are important for stability and function, they and

the interfaces they describe should be easy to detect through simple statistical analysis of

evolutionary and structural data.

We analyse the pattern of surface conservation in a number of non-homologous families of

homodimer complexes. For each homodimer we construct a multiple sequence alignment.

One of several new methods is then used to quantify conservation at every position of the

alignment. These scores are used to generate distributions of conservation for residues at

the surface of the homodimer. We use these distributions to assess how unusual the

conservation of residues is at the interface with respect to the rest of the surface. Where

possible, we relate our results to experimental findings about the interaction described.

Bogan AA, Thorn KS (1998) Anatomy of hot spots in protein interfaces. J Mol Biol 280:1-9

Janin J, Chothia C (1990) The structure of protein-protein recognition sites. J Biol Chem 265:16927-16930

Jones S, Thornton JM (1996) Principles of protein-protein interactions. Proc Nat Acad Sci USA 93:13-20

Lijnzaad P, Argos P (1997) Hydrophobic patches on protein subunit interfaces: characteristics and prediction.

Proteins 28:333-34

Lichtarge O, Bourne HR, Cohen FE (1996) An evolutionary trace method defines binding surfaces common

to protein families. J Mol Biol 257:342-358

Pazos F, Helmer

-Citterich M, Ausiello G, Valencia A (1997) Correlated mutations contain information about

protein-protein interaction. J Mol Biol 271:511-523